Abstract. Pollutants in large amounts may not only cause severe health problems and damage crops, but may also represent one of the main causes of global warming. Air quality numerical models are very useful tools in forecasting air pollutants transport and spread. Consequently, this paper analyzes the regional concentration of PM 10 (a geographical domain representative of Romania's territory), by using the numerical air quality forecasting model: WRF-CHEM version 3.5. The respective model has been applied on a Romania-centered upon geographical area, for both the two months representative of the warm and cold seasons (June and January 2013, respectively), at a spatial resolution of 10 km, with a 24 hours' anticipation. For the WRF-CHEM chemistry module to be initiated, values of PM 10 emissions were extracted from the TNO (Nederlandse Organisatie voor toegepast natuurwetenschappelijk onderzoek, www.tno.nl) database for 2009. The meteorological parameters required by the weather forecast model were obtained from the numerical output of the ECMWF (www.ecmwf.int) global model. All these meteorological parameters are very important for air quality simulations, especially wind profiles, which are very important assessment tools since they determine where pollutants are transported, and air-temperature as it may largely influence the speed of chemical reactions in the atmosphere. The vertical diffusion is strongly linked to the height of the mixing layer and influences the exchange between the ground layers and the open troposphere. In order to highlight the quality of the numerical forecasts for PM 10 from the WRF-CHEM model, the results obtained were compared to the measurements obtained through gravimetric methods (average daily values of PM 10 ). Hence, specific measurements were provided by the National Environmental Protection Agency (ANPM).
Introduction
Over the last years, air quality issues have become a particular concern for the scientific community, especially if taking into consideration that air pollution still remains the environmental risk factor which causes premature death in Europe (EEA, 2014) . In this respect, real-time air quality forecasting is a response to these needs, reflecting the understanding of physical processes which take place into atmosphere (Žabkar et. al., 2015) . Moreover, air pollution can affect ecosystems and the climate system and can modify cloud properties by aerosol indirect effect (Meij et al., 2008) .
PM 10 particles can lead to reduced visibility, adverse health effects and may adversely influence the heat balance of the Earth. The airborne particles also play an important role in spreading reproductive materials and pathogens (pollen, bacteria, spores, viruses, etc.) as well as various other biological organisms (Shiraiwa et. al., 2012) . The total number concentration, chemical composition and size distribution of an aerosol population depend on the location (urban or rural; continental or marine) as well as on the season and time of the day (e.g. Poschl, 2005) .
Meteorological parameters are very important tools in air quality simulations. Out of them, wind profiles and air-temperature are the most important ones since they determine where pollutants are transported, in the first case, and the speed of chemical reactions in the air, in the second case. The vertical diffusion is, moreover, strongly linked to the height of the mixing layer and directly influences the exchanges between the ground layers and the open troposphere.
At national level, agglomerations (zones with a population exceeding 250,000 inhabitants, or, where the population is equal to 250,000 inhabitants or less, with a density of 3,000 inhabitants per km . The air quality data received from all the fixed monitoring stations as well as the meteorological data are sent both to the local centers and to panels for public display.
The paper is structured as follows: section 2 describes the data and methods used in the numerical forecast of PM 10 over the Romanian territory, while section 3 outlines the results. Section 4 summarizes the conclusions.
Data and methods
This study is mainly based on the numerical air quality forecasting model WRF-CHEM (Weather Research and Forecasting model coupled with Chemistry module), version 3.5. This model was operated at a 10 km horizontal resolution, on a Romania's centered upon geographic area (Figure 1 ), for the two months representative of the warm and cold seasons (June and January 2013, respectively).
The model was integrated for a forecast period of 24 hours. The WRF (Weather Research and Forecasting) model is mainly designed for operational forecasting and includes a chemical module with which it is fully coupled (WRF-CHEM), (Xuexi et al., 2006) . However, the WRF and WRF-CHEM models differ mainly in terms of chemistry. From this point of view, as compared to WRF, the WRF-CHEM model needs additional gridded input data linked to emissions.
The integration domain of WRF-CHEM module includes 161x161 grid points, with 35 vertical layers and a running time of 2 hours and 30 minutes for 24 hours of forecast. The testing period taken into consideration in the present study is represented by January 2013. On the other hand, in order for the weather forecast model to be initialized, there were used some meteorological parameters obtained from the numerical output of the European Center for Medium Range Weather Forecasting (ECMWF) Global Model. Subsequent ECMWF numerical model forecasts were obtained by means of specialized scripts from the MARS database 4 . The most important parameters which were integrated in the above-mentioned model are presented in the table below (Table 1) . In order to highlight the quality of the numerical forecasts for PM 10 from the WRF-CHEM model, the results were compared to the measurements obtained through the gravimetric method (average daily values of PM 10 ), available at the ground stations (Figure 2 ).
The specific measurements were provided by the National Environmental Protection Agency (NEPA), while the meteorological data were extracted from the Romanian National Meteorological Administration database (160 synoptic stations available, also presented in Figure 2 ).
Results
The figures bellow (Figures 3 and 4) show the mean values in 24 hours, of PM 10 concentrations, for two days in January and June, respectively. It can be For June, at both stations analyzed, unlike January, the average values of PM 10 model results are closer to the observation data values.
Conclusions
In the present paper, the air quality model WRF-CHEM was integrated at a horizontal resolution of 10 km for the entire Romanian territory. The model was evaluated for one winter month (January 2013) and one summer month (June 2013).
The study of two selected days from January show that the 24 hours' mean values of PM 10 concentrations which were forecast by the model, reach levels of 30 micrograms/m For June, the forecast values for 24 hours' mean PM 10 concentrations are higher, reaching up to 40 micrograms/m 3 . This is valid especially for the Western part of the country and the Black Sea region.
The WRF-CHEM model displays a general tendency to underestimate the forecast values for PM 10 as compared to the observation data obtained from NEPA, for both months analyzed.
Similar to the results obtained in the previous studies conducted by Hirt et. al. (2012 Hirt et. al. ( , 2013 Hirt et. al. ( , 2014 and Bocquet et. al. (2015) , during the summer months the model forecast shows better results. This behavior can be due to the fact that, in winter, higher PM 10 concentrations are caused by the inversion layers which are not very accurately represented by the model. This study showed only an initial analysis of the whole performance run by the WRF-CHEM model in forecasting PM 10 concentrations over the Romanian territory. Further improvements on the numerical forecast of the WRF-CHEM model for PM 10 particulates could be achieved by consequently assimilating various types of PM 10 observational data, such as ground measurements, different types of satellite products and so on. Other improvements can also be obtained by using initial meteorological conditions at a higher resolution, in order to have a better description of the atmospheric conditions which play an important part in the transport and chemical reaction speed of different pollutants.
